In order to separate all protein components of muscle nuclei, three types of two-dimensional gel electrophoresis were tried to find out advantages and disadvantages in them. Non-equilibrium pH gradient electrophoresis gave a reasonably good pattern, but a large amount of proteins left unanalyzed on the acidic top of the gel. Isoelectric focusing of nuclear proteins extracted with SDS gave a pattern lacking proteins in acidic area, although histones were well separated. Isoelectric focusing with agarose gels in the first dimension separated almost all protein components of muscle nuclei in wide ranges of molecular size (10-400kD) and pI (3.7-9.5), leaving histones in the area of pH over 9.5.
INTRODUCTION
Differences of nuclear protein constituents between different cell types are thought to be accompanied by the difference of nuclear functions in each cell. Since the nucleus is the place where primary regulations of gene expression occur, the investigation of the changes in nuclear protein constituents during the development and the differences in the constituents between different tissues may be necessary for understanding mechanisms of differentiation and function of the cell.1) In order to find out the changes or differences in nuclear protein constituents we have to deal with whole nuclei from certain tissues, while subnuclear components, such as nuclear matrix,2) nuclear lamina,3) and chromatin4,5) have been materials in concern in most investigations of nuclei.
In the analysis of highly heterogeneous proteins, like the nuclear proteins, two-dimensional gel electrophoresis has been used because of its resolution and sensitivity.2-5) Two-dimensional gel electrophoresis, using isoelectric focusing (IEF) in the first dimension, followed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE), was originally described by O'Farrell.6) Then, various methods have been developed to make them applicable to many kinds of materials. To get around the limitation in the basic pH range in IEF, non-equilibrium pH gradient electrophoresis (NEPHGE) was developed.7) Further, to analyze most protein constituents including high molecular ones, an improved method using the agarose gel in the first dimension was described.8) Sample preparation for IEF is very critical, therefore it has also been modified to suit for each study. For example, SDS was used for the solubilization of membrane proteins, and the protein solution containing SDS was analyzed by IEF.9)
In this paper, we show the results of performing three types of two-dimensional gel electrophoresis in order to analyze the protein constituents of total nuclei as many as possible. Then, we conclude that IEF/SDS-PAGE with an agarose gel in the first dimension is the most preferable system for our purpose.
MATERIALS AND METHODS

Materials
White-Leghorn chickens (Gallus domesticus (L)) were obtained from commercial sources. The pectoralis major was taken from chicks on the day of hatching.
Reagents
Tris-base, sucrose, urea, thiourea, SDS, and acrylamide were purchased from Wako Pure Chemical Ind. Agarose (Agarose IEF) and ampholyte (Pharmalyte) were purchased from Pharmacia Fine Chemicals. Benzon nuclease was obtained from Merck Ltd.
Isolation of muscle nuclei
Muscle nuclei were isolated essentially as described by Mulvihill (v/v) Nonidet P-40, 1mM magnesium chloride, 1 mM PMSF) to bring the concentration of 50 A260 units per ml, and sheared through a needle of size 25G. After the addition of Benzon nuclease of 500 for 30min and dialysed for 3h against three changes of 5M urea, 1M thiourea, 10mM tetrasodium pyrophosphate, and 0.13%(v/v) 2-mercaptoethanol. The dialysed solution was centrifuged natant was used for two-dimensional IEF/SDS-PAGE and NEPHGE/SDS-PAGE.
The extraction of nuclear proteins with urea, thiourea, and SDS was carried out as follows. After nuclease digestion of the nuclei as described above, urea, thiourea, SDS, and 2-mercaptoethanol were added to bring the concentrations to 5M, 1M, 1.5% (w/v), and 0.13%(v/v), respectively. Then, the two-dimensional IEF/SDS-PAGE. 
RESULTS AND DISCUSSION
Isolation of muscle nuclei The nuclei were isolated from chick muscle (pectoralis major) and prepared for microscopic observation as described in MATERIALS AND ME-THODS. Purity of the nuclei on the basis of a micrograph ( Fig. 1) and an RNA/DNA ratio of 0.17 indicates that the sample is reasonably free from myofibrillar or cytoplasmic contamination13) for the work with muscle tissue.
Two-dimensional NEPHGE/SDS-PAGE
Nuclear proteins were extracted from the muscle nuclei essentially with urea, and thiourea, after nuclease digestion. Since NEPHGE was improved in order to analyze basic proteins, using this method in the first dimension was considered to be appropriate to investigating the nuclei which were abundant in basic proteins. As shown in (Fig. 3) . Arrowheads indicate histone subunits H1, H3, H2B, H2A, and H4 in the order of mobility on the second-dimension SDS-PAGE.
Another two-dimensional gel electrophoresis system, using an acetic acid-urea-Triton (AUT) gel in the first dimension, was reported to provide a good resolution of basic proteins.14) Using the two-dimensional AUT/SDS-PAGE, we obtained good spotting of not only basic proteins but also acidic proteins of around pI5 (data not shown). But most of nuclear proteins became insoluble in the acidic solution and were not analyzed by this system, so that the system did not suit to our purpose of analyzing all nuclear proteins. Two-dimensional IEF/SDS-PAGE A two-dimensional IEF/SDS-PAGE pattern of muscle nuclear proteins extracted essentially with urea and thiourea is shown in Fig. 3 . Almost all proteins including large molecules of over 400kD could be analyzed by this system. Although the pH gradient covered approximately 3.7 to 9.5,15) histones (arrowheads) were mostly remained on the top of the first dimension gel. As far as IEF in a wide range of pH is concerned, this pattern seemed to be rather good since a basic protein (arrow in Fig. 2) could be focused at the most basic area (arrow in Fig. 3 ). However, it was curious that histones which should have been out of pH range got into the gel of the first dimension. Probably this was due to comigration of histones with nucleic acid which was detected by ethidium bromide staining in the gel immediately after IEF (data not shown). Furthermore, when histones extracted with sulfuric acid to remove nucleic acid was charged, no histone migrated into the gel of IEF. These observations suggest that the migration of histones in Fig. 3 was caused with nucleic acid which somehow formed complexes with histones even the presence of urea and thiourea. Two-dimensional SDS-IEF/SDS-PAGE Several papers reported that proteins solubilized with SDS could be analyzed in IEF.9,16) In these experiments, SDS sticking to proteins could be dissociated from protein molecules while the proteins were migrating to their native pIs.9) Then we dissolved muscle nuclei in a solution containing urea, thiourea, and SDS to charge onto IEF gels (Fig. 4) . Certainly, the amount of remained proteins on the top of the gel decreased drastically, and histones migrated into the IEF gel to form elongated spots. This pattern presented two peculiar points: One is that the pH gradient at acidic area between pH 6 to 4 disappeared (cf Fig. 3 ) and almost all proteins in this area run to the acidic end of the gel. The other point is that histones which have basic pI over 9.5 migrated to around pH 7.5 and formed spots. This suggests a possibility of analyzing basic proteins which have native pI out of pH gradient made up with an Muscle nuclear proteins were extracted with the solution including 1.5% SDS, and analyzed by twodimensional gel electrophoresis which was carried out by the same procedure as that of two-dimensional IEF/SDS-PAGE. Arrowheads indicate histone subunits as shown in Fig. 2. ampholine. But the former point is a serious drawback to our purpose of analyzing all nuclear proteins in a two-dimensional pattern. Therefore, the 
